1. Introduction {#sec1}
===============

Arsenic contamination in the environment, including water, foods, and air, is a critical threat to public health worldwide.^[@ref1]−[@ref3]^ In drinking water, the limitation of total arsenic is 10 ppb (μg·L^--1^), as prescribed by WHO.^[@ref4]^ Among the arsenic species, inorganic arsenite (As(III)) is highly stable in the environment and extremely toxic to humans.^[@ref5]−[@ref7]^ Various approaches including atomic absorption spectroscopy, inductively coupled plasma mass spectrometry, atomic fluorescence spectroscopy, and high-performance liquid chromatography have been utilized for the detection of As(III) with stable analysis, good reproducibility, and excellent sensitivity.^[@ref8]−[@ref11]^ However, these complicated and costly high-end instruments require well-trained technicians for their maintenance and operation. Moreover, the detection of As(III) with these instruments usually involves complex, tedious, and time-consuming sample preparation in a central laboratory. Portable and rapid detection of As(III) at ultratrace levels is still an urgent request in the regions with a lack of such expensive and complicated infrastructures for sample preparation and measurement.^[@ref4]^

To date, several approaches have been proposed for the detection of As(III) based on the techniques including colorimetry,^[@ref12],[@ref13]^ electrochemistry,^[@ref14]−[@ref17]^ and microfluidic devices.^[@ref18],[@ref19]^ For example, because of the property of As(III) concentration-dependent color changes, the ethyl violet composite nanoparticles have been applied as a sensitive probe for As(III) detection with calibration linearity up to 20 ppb.^[@ref12]^ Electrochemically, the enzyme of molybdenum-containing As (III) oxidase was galvanostatically deposited on the multiwalled carbon nanotube-modified glassy carbon electrodes, which showed a detection limit of 1 ppb and linearity up to 500 ppb.^[@ref14]^ Combining with a microfluidic device, the agarose beads encapsulated with *Escherichia coli* (which produce green fluorescent protein when exposed to As(III)) were applied for the detection of As(III) in aqueous samples with an exposure time of 200 min and showed the detecting range from 10 to 50 ppb.^[@ref18]^ However, although the above-mentioned techniques have been exploited for As(III) detection, the key issues should be fulfilled including the features of rapid operation, superior sensitivity, high-throughput measurements, and broad dynamic range for the practical As(III) field measurements in the regions with a lack of laboratory equipment.

Recently, plasmonic nanomaterials have been widely applied as promising techniques for the improvement of biochemical sensing because of their unique property of plasmon-enhanced light-matter interactions.^[@ref20],[@ref21]^ For instance, based on the phenomenon of surface plasmon resonance shift, the visible color change of plasmonic metal nanoparticles (Ag, Au, etc.) has been applied for As(III) detection from the aggregation of nanoparticles and adsorbed arsenic spicies.^[@ref22]−[@ref24]^ The exploitation of plasmonic nanomaterials unveils the achievements for As(III) detection. Furthermore, benefiting from the superior long-term stability and large-scale uniformity, the plasmonic gold (pGOLD) chips with plasmonic-active gold nanoisland films (Au-NIFs) fabricated on glass, quartz, and polymer substrates via a solution process can carry out the high-throughput analysis for chemical and biological quantifications.^[@ref25],[@ref26]^ The pGOLD chips have revealed the promising potential in imaging^[@ref27]^ and sensing^[@ref28]^ applications because of their plasmonic property of near-infrared fluorescence enhancement. For example, high-throughput proteomic analysis using the pGOLD chips has been demonstrated for the detection of cancer biomarkers, carcinoembryonic antigen, in the early stage in the tumor-bearing mouse models.^[@ref28]^ Besides, a multiplexed detection of *Toxoplasma gondii* IgG and IgM, rubella IgG, and cytomegalovirus IgG in serum, whole blood, and saliva has been exploited with the use of pGOLD chips.^[@ref29]^ The advancements of plasmonic metal chips disclose the potential of fluorescence-enhanced biochemical sensing. Because of the relatively low cost and superior plasmonic properties of Ag,^[@ref30]^ fabrication of plasmonic metal chips with Ag would be a promising alternative.

In this work, we developed a portable As(III) assay by using the pAg chips ([Figure [1](#fig1){ref-type="fig"}](#fig1){ref-type="fig"}a,b) to enhance the fluorescence intensities and improve the detection sensitivity down to ppb levels of As(III). The pAg chips were fabricated by an Au seed-mediated growth method^[@ref25]^ in combination with Tollens' reagents to grow the Ag-NIFs on the prefunctionalized substrates in a solution phase. After the modification of the carboxylic acid layer, the pAg chips can capture the Cy7.5 fluorescent dyes via the As--O linkages^[@ref21],[@ref31]^ to output the plasmon-enhanced fluorescence signals. In our results, the pAg chips not only provided a broad dynamic range of 4 orders of magnitude but also improved the detection limit of As(III). Furthermore, the high-throughput and rapid performance of the fluorescence-enhanced As(III) assay revealed the practical adaptability for portable ultratrace As(III) monitoring.

![Schematic illustration of the fluorescence-enhanced As(III) assay by using the pAg chips. (a) Au seed-mediated growth of Ag-NIFs on the carboxylated substrates. (b) PAA and Cy7.5 fluorescent dye were employed to conjugate with As(III) through the carboxylic acid groups to output the plasmon-enhanced fluorescence signals for the detection of As(III) ions.](ao0c02533_0001){#fig1}

2. Results and Discussion {#sec2}
=========================

2.1. Fabrication of the pAg Chips {#sec2.1}
---------------------------------

The pAg chips were fabricated by a modified seed-mediated growth procedure^[@ref25]^ ([Figure [1](#fig1){ref-type="fig"}](#fig1){ref-type="fig"}a) combining with the steps of Au seeding and Tollens' reaction ([eqs [1](#eq1){ref-type="disp-formula"}](#eq1){ref-type="disp-formula"} and [2](#eq2){ref-type="disp-formula"}) to grow compact and discrete nanoislands on the glass substrates with a standard microscope slide size (75 mm × 25 mm). In the step of Au seeding, the Au-complex was adsorbed on the carboxylated slides and subsequently reduced to Au seeds by using NaBH~4~ as the reducing agent. Then, Tollens' reagents were applied for the growth of Ag-NIFs. To adjust the interisland gap distances, the influences of experimental conditions were studied by changing the parameters of the growth time, concentration of the Ag precursor (AgNO~3~), Ag^+^ stabilizer (NH~4~OH), and reducing agent (glucose). First, the growth of Ag-NIFs was investigated by changing the growth time from 1 to 10 min, and the corresponding scanning electron microscopy (SEM) images are shown in [Figure [2](#fig2){ref-type="fig"}](#fig2){ref-type="fig"}a. With the increase of the growth time, the separated silver nanoparticles gradually connected to form large and tortuous nanoislands, resulting in meandered interisland gaps with decreased interisland gap distances. According to the cross-sectional SEM images (Figure S1, in the [Supporting Information](http://pubs.acs.org/doi/suppl/10.1021/acsomega.0c02533/suppl_file/ao0c02533_si_001.pdf)), the film thickness of Ag-NIFs increased from 29.9 ± 5.7 to 79.9 ± 11.9 nm ([Figure [2](#fig2){ref-type="fig"}](#fig2){ref-type="fig"}b). The average area ratio of the gaps decreased from 68.7 to 14.6% ([Figure [2](#fig2){ref-type="fig"}](#fig2){ref-type="fig"}c), which was calculated by the converted binary image using ImageJ software^[@ref32],[@ref33]^ (Figure S2, in the [Supporting Information](http://pubs.acs.org/doi/suppl/10.1021/acsomega.0c02533/suppl_file/ao0c02533_si_001.pdf)). The raising of UV--vis absorbance implied the growth of Ag-NIFs ([Figure [2](#fig2){ref-type="fig"}](#fig2){ref-type="fig"}d). The spectra displayed an extended spectral extinction in the visible range, even to near-infrared region, which showed a monotonic red shift of the plasmonic resonance peaks from 410 to 600 nm.

![(a) SEM images of Ag-NIFs with increased growth time from 1 to 10 min. Scale bar: 200 nm. (b) Film thickness, (c) gap area ratio, and (d) UV--vis absorbance spectra of the Ag-NIFs with the growth time from 1 to 10 min.](ao0c02533_0002){#fig2}

The influence of the Ag precursor for the growth of Ag-NIFs was studied by changing the concentration of AgNO~3~ from 0.25 to 0.75 mM at a fixed growth time of 6 min 30 s (Figure S3, in the [Supporting Information](http://pubs.acs.org/doi/suppl/10.1021/acsomega.0c02533/suppl_file/ao0c02533_si_001.pdf)). A significant increase of the island size and UV--vis spectral absorbance indicated the elevated growth rate at higher concentrations of AgNO~3~. Notably, the molar ratio of glucose to Ag^+^ should be fixed at 2:5 to prevent the direct reduction of Ag nanoparticles in the growth solution at a higher ratio of glucose, or conversely, the retarded growth of Ag-NIFs at a lower ratio of glucose. Furthermore, the effect of NH~4~OH was studied by adjusting the concentration from 19.7 to 157 mM. For the concentration of NH~4~OH higher than 39.3 mM, the growth rate of Ag nanoislands was slightly reduced, as observed from the reduced island size and UV--vis spectral absorbance (Figure S4, in the [Supporting Information](http://pubs.acs.org/doi/suppl/10.1021/acsomega.0c02533/suppl_file/ao0c02533_si_001.pdf)). This can be explained by Le Chatelier's principle ([eq [2](#eq2){ref-type="disp-formula"}](#eq2){ref-type="disp-formula"}), in which the presence of NH~4~OH facilitates the formation of \[Ag(NH~3~)~2~\]^+^ and reduces the growth rate of Ag-NIFs. On the contrary, when the concentration of NH~4~OH dropped to 19.7 mM, the island size and UV--vis spectral absorbance decreased again, which implied that the less amount of NH~4~OH was insufficient to maintain the formation of \[Ag(NH~3~)~2~\]^+^, resulting in the production of AgOH. Suspended AgOH can directly induce the generation of Ag nanoparticles in the growth solution, thereby hindering the growth of Ag-NIFs on the substrates.

2.2. Design of pAg Chips for the Fluorescence-Enhanced As(III) Assay {#sec2.2}
--------------------------------------------------------------------

As the previous studies have demonstrated that As(III) can induce the aggregation of carboxylic acid-functionalized Au nanoparticles through the As--O linkages,^[@ref31],[@ref34],[@ref35]^ in this work, a fluorescence-enhanced As(III) assay ([Figure [1](#fig1){ref-type="fig"}](#fig1){ref-type="fig"}b) was designed by using the poly(acrylic acid) (PAA) modified chips to capture As(III) ions, followed by outputting the fluorescent signals through the conjugated Cy7.5 carboxylic acid dyes. Because PAA has a carboxyl group (−COOH) on each monomer unit, the polymer can directly cap the surface of Ag because of the carboxyl-rich property. To modify PAA and prevent the adsorption of undesired molecules in the atmosphere onto the bare surface of Ag-NIFs, the pAg chips were directly immersed in the solution of PAA after chip fabrication. [Figure [3](#fig3){ref-type="fig"}](#fig3){ref-type="fig"} illustrates the detection procedures of the fluorescence-enhanced As(III) assay. First, a pAg chip ([Figure [3](#fig3){ref-type="fig"}](#fig3){ref-type="fig"}a) was fixed with a 64-well pad (3.5 mm × 3.5 mm, each well) to create the incubation chambers ([Figure [3](#fig3){ref-type="fig"}](#fig3){ref-type="fig"}b) for further incubation with the solutions containing different concentrations of As(III) and Cy7.5 fluorescent dyes. Then, the high-throughput results with enhanced Cy7.5 fluorescence intensities can be directly obtained from the scanned images ([Figure [3](#fig3){ref-type="fig"}](#fig3){ref-type="fig"}c) to assess As(III) concentrations.

![Flowchart of the fluorescence-enhanced As(III) assay. (a) Photograph of a pAg chip. Scale bar: 1 cm. (b) pAg chip fixed with a 64-well pad was used for As(III) detection by incubating with the solutions containing As(III) and Cy7.5 fluorescent dyes. (c) Scanning image of Cy7.5 fluorescent dyes with different concentrations of As(III).](ao0c02533_0003){#fig3}

2.3. Optimization of the Fluorescence-Enhanced As(III) Assay {#sec2.3}
------------------------------------------------------------

In order to evaluate the performance of the pAg chips, the relationships between experimental conditions and fluorescence intensities were studied by changing the following parameters, including pH of the buffer solution, concentration of Cy7.5, incubation time with the mixtures of As(III) and Cy7.5, and growth time of the pAg chips.

### 2.3.1. Effect of pH {#sec2.3.1}

The effect of pH on the As(III) assay was investigated by adjusting the pH value of phosphate-buffered saline (PBS) buffer solution in the range of 4.0--12.8 ([Figure [4](#fig4){ref-type="fig"}](#fig4){ref-type="fig"}a) with a fixed concentration of As(III) at 0.25 mM. When the pH value was increased above 9.3, the detecting signal increased sharply, which indicated the enhanced conjugation of As(III) with carboxylic acids on the Ag-NIFs. According to the previous study, the existence of As(III) can significantly induce the aggregation of citrate-capped Au nanoparticles under alkaline conditions (pH \> 9).^[@ref34]^ When the pH value was between 9 and 12.8, As(III) dominantly presents as the hydroxo complexes of H~2~AsO~3~^--^ and HAsO~3~^2--^ in the solution.^[@ref36]^ In addition, the carboxylate form of Cy7.5 dye and PAA is favorable under alkaline conditions. The stable hydroxo complexes of As(III) can undergo the ligand exchange reaction in the presence of carboxylates,^[@ref31],[@ref34],[@ref35]^ resulting in the conjugation of As(III) with Cy7.5 fluorescent dye and PAA on the pAg chips. However, when the pH value was higher than 12, the pAg chips may be damaged under such high pH conditions, resulting in the detachment of Ag-NIFs from the glass substrates. Therefore, the pH value was fixed at 11.5 for further measurements in order to prevent the damage of pAg chips.

![(a) Fluorescence intensities of the As(III) assay with different pH values. (b) Fluorescence intensities of the As(III) assay using four concentrations of Cy7.5 (4 × 10^--4^, 1 × 10^−4^, 4 × 10^−5^, and 1 × 10^−5^ mM) combining with the increased concentration of As(III) from 2.5 × 10^−1^ to 2.5 × 10^−6^ mM. (c) Fluorescence intensities of the As(III) assay with increased incubation time from 5 to 960 min. (d) Fluorescence intensities of the As(III) assay using the pAg chips with different growth times from 1 to 10 min.](ao0c02533_0004){#fig4}

### 2.3.2. Effect of the Cy7.5 Concentration {#sec2.3.2}

The effect of the Cy7.5 concentration on the fluorescent signal intensity ([Figure [4](#fig4){ref-type="fig"}](#fig4){ref-type="fig"}b) was studied by examining four concentrations of Cy7.5 (4 × 10^--4^, 1 × 10^--4^, 4 × 10^--5^, and 1 × 10^--5^ mM) combined with the gradually increased concentration of As(III) from 2.5 × 10^--1^ to 2.5 × 10^--6^ mM. Because of the electrostatic repulsion between the negative charge of the PAA and Cy7.5 (−carboxylic acid), the nonspecific binding of Cy7.5 to the surface of Ag-NIFs can be reduced by the PAA layer. The higher concentration of Cy7.5 can significantly enhance the signal intensity. However, at the low concentrations of As(III) (\<2.5 × 10^--5^ mM), the background signals were also severely interfered with the simultaneously increased concentration of Cy7.5. To minimize the interference of Cy7.5 nonspecific binding, the concentration of the Cy7.5 was fixed at 1 × 10^--5^ mM.

### 2.3.3. Effect of the Incubation Time {#sec2.3.3}

[Figure [4](#fig4){ref-type="fig"}](#fig4){ref-type="fig"}c shows the fluorescence intensities of the As(III) assay with increased incubation time from 5 to 960 min. The fluorescence intensity of Cy7.5 increased with the prolonged incubation time and became stable after 90 min. For the incubation time longer than 480 min, the fluorescence intensities decrease reversely. This phenomenon can be attributed to the insufficient chemical stability of Ag-NIFs at high pH value, leading to the peeling of Ag-NIFs from the substrates. Therefore, 90 min was selected as the optimal reaction time for the As(III) assay.

### 2.3.4. Fluorescence Enhancement by the pAg Chips {#sec2.3.4}

Because the plasmonic nanostructures with small gap distances have shown great influence on the fluorescence intensities of nearby fluorescent dyes,^[@ref37],[@ref38]^ the pAg chips with different growth times were used to evaluate the performance of fluorescence enhancement of Cy7.5. In [Figure [4](#fig4){ref-type="fig"}](#fig4){ref-type="fig"}d, the fluorescence intensities of Cy7.5 with a fixed concentration of As(III) at 0.25 mM were measured using the pAg chips with different growth times from 1 to 10 min. The chip with a growth time of 6 min 30 s showed the highest fluorescence intensity of Cy7.5. The optimal parameters for the fabrication of the pAg chips were used for further tests.

2.4. Sensitivity and Selectivity of the Fluorescence-Enhanced As(III) Assay {#sec2.4}
---------------------------------------------------------------------------

By carefully examining the preparation parameters of pAg chips and the experimental conditions for the As (III) assay, the detecting sensitivity of As(III) was examined by using a series of samples containing different concentrations of As(III). To compare the fluorescence enhancement of Cy7.5 induced by the pAg chips, a PAA-modified glass substrate was used as a control. [Figure [5](#fig5){ref-type="fig"}](#fig5){ref-type="fig"}a shows the fluorescence intensities of Cy7.5, where the concentrations of As(III) were ranging from 2.5 × 10^--1^ to 2.5 × 10^--5^ mM, and the Cy7.5-only blank. According to the results, the fluorescence-enhanced As(III) assay revealed the sensitivity over 4 orders of magnitude and detection limit down to 2.5 × 10^--5^ mM (\<10 ppb). In addition, the usage of pAg chips brought a fluorescence enhancement of Cy7.5 up to 10-fold compared with the fluorescence intensities of the glass substrate, when the concentration of As(III) was fixed at 2.5 × 10^--1^ mM. The fluorescence-enhanced As(III) assay can not only provide an improved limit of detection (LOD) for As(III) monitoring to approach the practical application of lower than 10 ppb but also be feasible to screen the As(III) concentration with a high-throughput manner. The pAg chips fabricated by the seed-mediated growth method can provide a large surface area for the detection. Considering the scale differences between the size of Ag nanoislands (∼hundreds nm) and scanning resolution (10 μm × 10 μm, per pixel), the acquired signal enhancement of each pixel can be attributed to a large number of Ag nanoislands on the large surface area, thereby achieving stable signal output and reduced signal deviation. Besides, the measured area (3.5 mm × 3.5 mm on our platform, [Figure [3](#fig3){ref-type="fig"}](#fig3){ref-type="fig"}c) could be further reduced by using a smaller incubation chamber to concentrate the analyte on a relatively small area for the improvement of fluorescence signal intensities as well as the detecting sensitivities.

![(a) Detection sensitivity and dynamic range of the fluorescence-enhanced As(III) assay on a pAg chip (red circle) and a glass (black square). Error bars in the plot are equal to or less than the size of data symbols. Arrow indicates the column of Cy7.5 only blank. (b) Fluorescence intensities of the As(III) assay in the presence of different metal ions.](ao0c02533_0005){#fig5}

The selectivity for the fluorescence-enhanced As(III) assay was examined by evaluating the fluorescence intensities of Cy7.5 in the presence of various environmentally relevant metal ions, including the divalent ions of Ca(II), Cd(II), Cr(II), Cu(II), Fe(II), Hg(II), Mg(II), Pb(II), and Zn(II) and the trivalent ions of Al(III), Au(III), Ce(III), Fe(III), and As(V). [Figure [5](#fig5){ref-type="fig"}](#fig5){ref-type="fig"}b clearly shows that only As(III) exhibits the strongest fluorescence intensity of Cy7.5 because of the conjugation of As(III) with Cy7.5 and PAA on the surface of Ag-NIFs. On the contrary, the low fluorescence intensities of the other transition-metal ions probably can be attributed to the reason of low solubility of these transition-metal ions in an alkaline environment,^[@ref39]^ which eventually impedes the conjugation of the transition-metal ions on the Ag-NIFs surface because of the precipitation of the metal-ion salts. The proposed fluorescence-enhanced As(III) assay displayed high selectivity for the determination of As(III) by conjugation with the carboxylic acid-functionalized pAg chips.

3. Conclusions {#sec3}
==============

In this study, we have successfully developed a fluorescence-enhanced As(III) assay for high-throughput and rapid As(III) monitoring by using the pAg chips. The pAg chips were fabricated by a simple seed-mediated growth method in a solution phase to grow Ag-NIFs on the substrates with the large surface area. By immobilizing Cy7.5 fluorescent dye on the pAg chips through the linkages between As(III) and the carboxylic acid groups, the experimental results showed that the As(III) assay can significantly increase the fluorescence intensity up to 10-fold and improve the detection limit of As(III) lower than 10 ppb. The fluorescence-enhanced As(III) assay not only achieves the practical demand of WHO standard limit of As(III) concentration but also simultaneously fulfills the requirements for high-throughput, rapid, and portable As(III) monitoring. Overall, as the pAg chips can offer sufficient large surface area and suitable signal enhancement, the fluorescence-enhanced assay using the pAg chips revealed the great opportunities for the development of multiplexed chemical and biological sensing.

4. Experimental Section {#sec4}
=======================

4.1. Materials {#sec4.1}
--------------

Silver nitrate (AgNO~3~), hydrogen tetrachloroaurate(III) (HAuCl~4~·3H~2~O), *N*,*N*-diisopropylethylamine (DIPEA), succinic anhydride, sodium borohydride (NaBH~4~), ammonium hydroxide (NH~4~OH, 30%, 15.7 M), PAA (MW: 100k, 35% wt in H~2~O), PBS buffer, Al(NO~3~)~3~, As~2~O~3~, As~2~O~5~, CaCl~2~, CdCl~2~, CeCl~3~, CrBr~2~, Cr(NO~3~)~3~, CuCl~2~, FeCl~2~, FeCl~3~, HgCl~2~, MgCl~2~, Pb(NO~3~)~2~, and ZnCl~2~ were purchased from Sigma-Aldrich. Glucose, sodium hydroxide (NaOH), and dimethylformamide (DMF) were purchased from Fisher Scientific. Cyanine7.5 carboxylic acid was purchased from Lumiprobe. All chemicals were used without further purification, and the glassware was cleaned using aqua regia comprised of a 3:1 mixture of HCl and HNO~3~ by volume. Deionized water (DI-H~2~O) at the resistivity of 18.2 MΩ·cm was obtained from a Milli-Q system. ProPlate 64-well multichambers were purchased from Grace Bio-Labs. Polysine slides were purchased from Thermo Scientific, and the slides were carboxylated before the growth of Ag-NIFs. Briefly, the polysine slides were ultrasonically cleaned in the order of solvent baths of acetone, methanol, and DI-H~2~O for 5 min each. Then, five slides were immersed in a DMF solution containing succinic anhydride (0.45 g) and DIPEA (0.6 mL) for 18 h. The slides were cleaned sequentially with EtOH and DI-H~2~O, and store at 4 °C after spin-drying.

4.2. Preparation of the pAg Chips {#sec4.2}
---------------------------------

The pAg chips were prepared according to the Au seed-mediated growth method^[@ref25],[@ref40]^ in combination with Tollens' reagents. Typically, the carboxylated slides were immersed in a mixture containing HAuCl~4~ (3 mM) and NH~4~OH (300 mM), gently shaken at 10 °C for 20 min, followed by washing with DI-H~2~O twice. The adsorbed Au precursor was reduced by NaBH~4~ (2 mM) for 1 min to generate Au seeds on the slides. After washing with DI-H~2~O, the slides were immersed in a 100 mL solution of Tollens' reagents containing AgNO~3~ (0.5 mM), NH~4~OH (39.3 mM), NaOH (10 mM), and glucose (0.125 mM), and the solution was shaken gently at 30 °C for 6 min 30 s to grow Ag-NIFs on the slides. The color of the substrates changed gradually from light purple to metallic yellow, which indicated the growth of Ag-NIFs. After washing, the substrates were spin-dried for further experiments. Extinction spectra and SEM images were obtained using a UV--vis--NIR absorbance spectrometer (V770, JASCO Co., Ltd., Tokyo, Japan) and a field emission SEM (S-4800, Hitachi Co., Ltd., Tokyo, Japan) at 10 kV acceleration voltage, respectively.

4.3. Surface Modification of the pAg Chips {#sec4.3}
------------------------------------------

To modify PAA on the pAg chips, a PAA solution was prepared by diluting 0.2 g of PAA with 99.8 mL of DI-H~2~O, and the three as-prepared pAg chips were immersed in the solution for 16 h. Then, the chips were washed with DI-H~2~O and spin-dried for further use.

4.4. Detection of As(III) {#sec4.4}
-------------------------

A 0.25 mM As(III) solution was prepared by dissolving As~2~O~3~ (0.0125 mmol) in 50 mL of H~2~O with the addition of NaOH (1.0 M), and HCl was used to adjust the pH value of As(III) solution to 11.5. Then, the As(III) solution was diluted to 100 mL. A phosphate-buffered solution (PBS, 10 mM) at pH = 11.5 was prepared for dilution. The As(III) solution was further diluted to the target concentration (2.5 × 10^--1^ to 2.5 × 10^--4^ mM) with PBS. The Cy7.5 dye (1 mg) was dissolved in DMF (1 mL) and then diluted to the concentration of 1 × 10^--5^ mg·mL^--1^ by PBS. For the detection of As(III) concentration, the PAA-modified slides were fixed with the multiwell chamber and incubated with the mixture of As(III) solution (30 μL) and Cy7.5 (30 μL) at 37 °C for 90 min under gentle shaking. The chips were then washed with DI-H~2~O and spin-dried. The fluorescence images of the chips were acquired by a MidaScan fluorescence scanner (Nirmidas Biotech, Inc., CA, USA). The exciting light was set at 785 nm, and the resolution of the image was set to 10 μm × 10 μm per pixel. LOD was calculated by the following method

4.5. Ion Selectivity Test {#sec4.5}
-------------------------

For the ion selectivity test, a series of metal ions, including Al(III), As(V), Ca(II), Cd(II), Ce(III), Cr(II), Cu(II), Fe(II), Fe(III), Hg(II), Mg(II), Pb(II), and Zn(II) (each at 0.25 mM), were prepared. The measurement procedure was the same as the detection of As(III).
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